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'XH WR LWV XQLTXH SURSHUWLHV DSSOLFDWLRQ RI QDQRWHFKQRORJ\ LQ ZDWHU WUHDWPHQW KDV DWWUDFWHG
JUHDW LQWHUHVWV LQ UHFHQW \HDUV DURXQG WKH ZRUOG $W (XURSHDQ OHYHO D QXPEHU RI UHVHDUFK
DFWLYLWLHVUHOHYDQWIRUWKLVWRSLFKDVEHHQIXQGHGE\WKH(XURSHDQ&RPPLVVLRQLQWKHVFRSHRI
)3 2QH RI WKHVH DFWLYLWLHV LV WKH 1DPHWHFK SURMHFW 1DPHWHFK KDUQHVVHV EHQHILWV RI
QDQRWHFKQRORJ\ WR EULQJ LPSURYHPHQWV LQ PHPEUDQH ILOWUDWLRQ IRU DGYDQFHG ZDWHU WUHDWPHQW
'LIIHUHQWW\SHVRIQDQRDFWLYDWHGPHPEUDQHVZHUHGHYHORSHG7KHUHIRUHWZRDSSURDFKHVZHUH
IROORZHG  EOHQGLQJ QDQRSDUWLFOHV ZLWK WKH SRO\PHU PDWUL[ VRFDOOHG PL[HG PDWUL[
PHPEUDQHV DQG  GHSRVLWLRQ RI QDQRSDUWLFOHV RQWR WKHPHPEUDQH VXUIDFH )RU WKHPL[HG
PDWUL[ PHPEUDQHV GLIIHUHQW W\SHV RI QDQRSDUWLFOHV ZHUH LQFRUSRUDWHG LQ D FODVVLFDO
SRO\HWKHUVXOIRQH3(6PHPEUDQH7L2LVRQHRIWKHP7KHUHDVRQRIVHOHFWLQJ7L2LVWZRIROG
ZLWKIRXOLQJUHGXFWLRQRQRQHKDQGDQGIOX[HQKDQFHPHQWRQWKHRWKHUKDQG
7L2 KDV DQ LQIOXHQFH RQ WKH IRXOLQJ EHKDYLRXU RI D PHPEUDQH GXH WR KLV SKRWRFDWDO\WLF
SURSHUWLHV DQG KLV K\GURSKLOLF FKDUDFWHU )URP OLWHUDWXUH LW LV NQRZQ VXSHULRU DQWLIRXOLQJ
FKDUDFWHULVWLFVFDQEHUHDFKHGE\89LUUDGLDWLRQRIWKH7L2SDUWLFOHV%HFDXVHLUUDGLDWLRQLVRQO\
SRVVLEOHRQWKHVXUIDFHRIWKHPHPEUDQHDQGLVQRWHYLGHQWLQDOO W\SHRIPHPEUDQHPRGXOHV
WKHHIIHFWRI LUUDGLDWLRQ LVH[SHFWHGWREH OLPLWHGIRUPL[HGPDWUL[PHPEUDQHV7KHUHIRUHRQO\
WKHHIIHFWRIWKHSUHVHQFHRI7L2RQIRXOLQJEHKDYLRXULVWHVWHGZLWKLQWKLVSURMHFW
'XHWRLQWHUDFWLRQVEHWZHHQWKHSDUWLFOHVXUIDFHWKHSRO\PHUFKDLQVDQGRUWKHVROYHQWVGXULQJ
PHPEUDQH SUHSDUDWLRQ WKH LQFRUSRUDWLRQ RI 7L2 KDV DOVR DQ LQIOXHQFH RQ WKH PHPEUDQH
VWUXFWXUH DQG WKXV WKH PHPEUDQH SHUIRUPDQFH &ODVVLF 3(6 PHPEUDQHV DUH SUHSDUHG E\
SKDVHLQYHUVLRQSURFHVV,QRUGHUWRJHWPHPEUDQHVZLWKDVXLWDEOHVWUXFWXUHDQGSHUPHDELOLW\
VXLWDEOH DGGLWLYHV DUH LQWURGXFHG WR WKH FDVWLQJ VROXWLRQ )RU 3(6 PHPEUDQHV
SRO\YLQ\OS\UUROLGRQH393LVPRVWO\DGGHGDVSRUHIRUPHU$IWHUSKDVHLQYHUVLRQLVFRPSOHWHG
393KDVWREHUHPRYHGIURPWKHPHPEUDQHWRRSHQWKHSRUHV:LWKLQOLWHUDWXUH7L2LVXVHGLQ
DGGLWLRQ WR FODVVLFDO SRUHIRUPHUV DV393 $Q HQKDQFHGZDWHU IOX[ LVPHDVXUHG IRU ORZ ILOOHU
FRQWHQWV RQO\ 7KLV LPSURYHG SHUIRUPDQFH LV DGGUHVVHG WR D PRUH RSHQ VWUXFWXUH RU WR
LQFUHDVHGK\GURSKLOLFLW\GXHWRWKHSUHVHQFHRI7L2$WKLJKHUILOOHUFRQWHQWVIOX[GHFOLQHVDUH
UHSRUWHG EXW QR FOHDU H[SODQDWLRQ LV JLYHQ ,Q WKLV VWXG\ 7L2 LV VHHQ DV DOWHUQDWLYH IRU WKH
FODVVLFDO SRUHIRUPHUV 0XFK KLJKHU ILOOHU FRQWHQWV DUH XVHG FRPSDUHG WR ZKDW LV UHSRUWHG
EHIRUH7KHDGYDQWDJHRIXVLQJ7L2 LQVWHDGRI393 LV WKHHOLPLQDWLRQRI WKH UHPRYDOVWHSRI
393 ZLWK 1D2&O ZLWK D KXJH DPRXQW RI ZDVWHZDWHU DV FRQVHTXHQFH ,I LW LV SRVVLEOH WR
HOLPLQDWH WKLV VWHS WKH SURGXFWLRQ RI 3(6 PHPEUDQHV ZRXOG EH D PXFK PRUH VXVWDLQDEOH
SURFHVV
7KH LQIOXHQFH RI WKH QDQRSDUWLFOHV RQ PHPEUDQH SURSHUWLHV ZDV H[DPLQHG EDVHG RQ
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5HJDUGLQJ WKH SHUPHDELOLW\ RI WKH PHPEUDQH WKH UHVXOWV ZHUH SURPLVLQJ HVSHFLDOO\ IRU WKH
KLJKHUFRQWHQWRIWLWDQLD$QLFHFRUUHODWLRQEHWZHHQWKHILOOHUFRQWHQWDQGUHVSHFWLYHPHPEUDQH
FKDUDFWHULVWLFV FDQEH REVHUYHG E\ LQFUHDVLQJ WLWDQLD FRQWHQW WKHPHPEUDQHEHFRPHVPRUH




QDQRSDUWLFOHV LQ WKH SRO\PHU PDWUL[ 7KHUHIRUH WHVWV DUH JRLQJRQ ZLWK GLIIHUHQW PHWKRGV RI
GLVSHUVLQJWKHQDQRSDUWLFOHV LQ WKHVROYHQW$JJUHJDWHVL]HVDQGFRQVHTXHQFHVRQPHPEUDQH
SHUIRUPDQFH ZLOO EH H[DPLQHG IXUWKHU DQG SUHVHQWHG DW WKH FRQIHUHQFH )XUWKHUPRUH RWKHU
PHPEUDQHV\QWKHVLVSDUDPHWHUVDVWKHFRPSRVLWLRQRIWKHFRDJXODWLRQEDWKDQGWKHLPPHUVLRQ





E\ VRUSWLRQ RI VROXWHV RQ WKH PHPEUDQH VXUIDFH RU LQ PHPEUDQH SRUHV %\ PDNLQJ WKH
PHPEUDQHPRUH K\GURSKLOLF WKH DPRXQW RI VRUSWLRQ FDQ EH OLPLWHG 'XH WR WKH SUHVHQFH RI
WLWDQLDWKHGLIIHUHQFHEHWZHHQSRURVLW\PHDVXUHGLQZDWHUDQG,3$GLPLQLVKHGZKLFKLQGLFDWHV
DQ LQFUHDVH LQ K\GURSKLOLFLW\ %HFDXVH RI WKLV EHWWHU UHVLVWDQFH WR IRXOLQJ ZDV H[SHFWHG
7KHUHIRUH FRQVWDQW IOX[ IRXOLQJ H[SHULPHQWV ZHUH SHUIRUPHG XVLQJ VOXGJH VXSHUQDWDQW $
FRPSDULVRQ ZDV PDGH ZLWK D FRPPHUFLDO DYDLODEOH 83 PHPEUDQH RI 0LFURG\Q 1DGLU
5HVXOWVDUHSUHVHQWHGLQILJXUH

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)LJXUH703YHUVXVWLPHIRUDPHPEUDQHFRQWDLQLQJZW7L2DQGWKHFRPPHUFLDO
DYDLODEOH83PHPEUDQH
)URPWKLVILJXUHWKHFRQFOXVLRQFDQEHPDGHWKDWWKHPHPEUDQHFRQWDLQLQJZW7L2ZDV
OHVVVHQVLWLYH WRIRXOLQJ)RUDEHWWHUFRPSDULVRQRIDQWLIRXOLQJSURSHUWLHVRIERWKPHPEUDQHV
ORQJHUILOWUDWLRQWHVWVZLOOEHSHUIRUPHGDQGIOX[UHFRYHU\YDOXHVZLOOEHWDNHQLQWRDFFRXQW

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